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In a previous report we described the experi-
mental results obtained in attempts at inducing
specific contact-type sensitization of the skin of
guinea-pigs to a potent carcinogen (1). At that
time methyleholanthrene (M. C.) was applied
externally in one series of guinea-pigs, pam-
phenylendiamine in a second series and in a
third series the experiment was carried out with
applications of 9—lO dimethyl-1, 2-benzan-
thraeene. While patch tests with the homologous
agent were entirely negative in the dimethyl-
benzanthraeene series, there was a suggestion of
hypersensitivity having been induced in some
of the methyleholanthrene treated animals.
However, in view of the uncertainty of these
results and of the importance of the subject with
regard to possible interrelationships between
earcinogenesis and specific immunologic changes,
another series of experiments were conducted
subsequently in the endeavor to produce definite
contact-type sensitization of guinea-pigs to
methyleholanthrene. The following is a des-
cription of these experiments in which the prin-
ciple of the Freund "adjuvant" technic as modi-
fied and used by Chase (2) was employed.
EXPERIMENT I
A. Method and Materials
After some preliminary experiments to ascertain
the toxicity of intraperitoneal injections of
methyleholanthrene and the primary irritancy of
this agent to the guinea-pigs' skin, eleven female
albino guinea-pigs, six months of age and weighing
200 gms.,t received one intraperitoneal injection
of 0.2 ml of 0.02% suspension of killed and ground
tuberele bacilli in sterilized paraffin oil. Three
days later, 1 ml of paraffin oil containing 1 mgm
* From the Department of Dermatology of the
New York University Post-Graduate Medical
School, and the Skin and Cancer Unit of Univer-
sity Hospital. New York, N. Y.
t Obtained from Fred Geissen, 6048 Delafield
Avenue, New York 71, N. Y.
t The late Dr. Jules Freund of the Public
Health Research Institute of the City of New
York and the National Institutes of Health was
kind enough to supply us with this material.
Received for publication November 10, 1961.
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of methylcholanthrene and 0.2 mgm of the killed
tubercle bacilli was injected intraperitoneally
in each of these animals. After three weeks, a 1%
solution of methylcholanthrene in corn oil was
painted over a clipped skin area—2.5" X 1.5"—
dorsally to the right ear in order to test the level
of sensitivity and to boost any developing sensiti-
zation by further stimulation.
From the same batch four guinea-pigs served as
controls. These had been intraperitoneally in-
injected with killed tuberele bacilli but not with
methyleholanthrene, and were then painted with
methylcholanthrene exactly as were the experi-
mental animals. Three additional guinea-pigs, not
subjected to any intraperitoneal injection, like-
wise served as controls and received applications
of mcthylcholanthrene. Subsequently, new con-
trol animals were used with every further step of
the experiment so that the controls matched with
the last step, as well as with every preceding se-
quence of restimulation and/or tests.
B. Response to Stimulation and
Restimulations
Within 24 hours following the first skin painting
with methylcholanthrene, 8 of the 11 experimental
guinea-pigs showed an intense erythema as well as
infiltration and some edema and desquamation at
the painted site. These changes increased during
the subsequent 48 hours at the end of which period
several of the animals showed necroses, hemor-
rhages, and crusting. Three of the four control
animals did not show any reaction. In the fourth
control, a very slight redness appeared on the first
day, which had vanished by the second day, i.e.,
at a time when the reactions in the 8 experimental
animals had either reached a peak or were still
continuing to increase in intensity.
A week following the first skin painting with
methylcholanthrene, the procedure was repeated
on the contralateral area. The response was similar
to that observed previously, but even more in-
tense and an additional animal showed an inflam-
matory reaction.
One week after the first skin-painting, i.e.,
five weeks after the intraperitoneal methylchol-
anthrene injection, the skin of all guinea-pigs
which had responded to the first painting with an
inflammatory reaction and/or necrosis, was again
painted to test the level of contact-type hyper-
sensitivity; a second skin-painting was performed
also in the remaining animals, which had not
reacted distinctly. Ten days thereafter—6j/ weeks
after the intraperitoneal carcinogen injection—all
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animals showed positive skin reactions and all
were then subjected to a third series of test
painting.
For all tests in each animal, three adjacent
areas, a, b, and c, in the center of the flanks were
clipped 24 hours before the applications of methyl-
cholanthrene.
Sites (a) received 0.5% methylcholanthrene in
olive oil at the first painting and 0.1% methyl-
cholanthrenc in olive oil at the second
painting
Sites (b) received 0.1% methylcholanthrenc in
olive oil at the first painting and 0.5% methyl-
cholanthrcnc in olive oil at the second
painting
While sites (c) served as controls and received
plain olive oil at both paintings.
C. Test Results
By and large, all experimental animals showed
similar reactions to both the first and second
paintings with methylcholanthrene. While the
responses were always definitely positive on both
sites (a) and (b), they were distinctly stronger
on sites (a) than on sites (b). No reactions
occurred on the control sites (e).
Four of the experimental guinea pigs died in
the course of these procedures. It appears worth
mentioning that in all four instances death
occurred very soon after either the first or
second app]ication of methyicholanthrene to the
skin. All four of the animals had evidenced skin
sensitization by previous positive reaction. A
short while after the painting, they ceased to
move about and evidenced grave illness, asso-
ciated with huge ascites formation. In three of
the guinea-pigs which succumbed, a positive
skin reaction to the last painting was seen prior
to death, whereas the skin reaction failed to
appear before death in the fourth guinea-pig.
EXPERIMENT II
A. Method and Materials
1. Intraperitoneal injection. 39 guincapigs*_25
albino, 14 hybrids—of an average weight of 370
gms were injected intraperitoneally with 0.2 mgm
of killed tuberclc bacilli in 0.2 ml paraffin oil and
two days thereafter with 1 mg of mcthylcholan-
threnc (MC) plus 0.2 mg killed tubercle bacilli in 1
ml paraffin oil.
Sixteen control guinea-pigs received two intra-
pcritoncal injections each of 0.2 mg tubercle ba-
cilli in 0.2 ml paraffin oil (but no MC) at the time
time the 39 experimental animals received their
injections.
-
Eight additional control guinea-pigs received
no injections.
2. Cutaneous "stiinutation." The surviving 31
experimental guinea-pigs were painted with a 1%
solution of MC in corn oil on a selected (previously
carefully clipped) area of the skin of the neck
When an inflammatory reaction suggestive of an
allergic contact-type skin response was observed,
the animals were tested on a given (clipped site of
the flank with 0.5% and 0.1% solutions of MC in
olive oil and with the olive oil alone. Animals
which showed no response were again exposed at
a new site of the neck at weekly intervals until
either a positive skin response was obtained—or
until they had received a total of five such expo-
sures without production of an inflammatory
response. After the time of the fifth exposure, all
guinea-pigs, including those in which a positive
response had been recorded previously, were re-
tested as described above.
Of 17 surviving control guinea-pigs, three ani-
mals had, in the course of the experiment, been
exposed to methylcholanthrcne skin tests three
times; two had had two skin tests; two had had
three skin tests; one had had four; and one had
had five. These nine controls were all skin tested
once again with methylcholanthrcne.
B. Results
There were 28 survivors in all among the
experimental animals: All 28 showed an unequiv-
ocal, specific contact-type response to the skin
tests with mcthylcholanthrcne. One of the
positive reactors in this series died.
In six of the 28 animals the positive skin
response was obtained after the first skin exposure
to the diluted carcinogen. Three of the 28 guinea-
pigs required three, and two required four or
five applications, respectively.
None of the controls showed any sign sug-
gestivc of sensitization.
DISCUSSION
Unlike our previous trials, the results of which
were somewhat uncertain (1), the present
experiments afford conclusive evidence of allergic
contact-type sensitization of the skin of guinea-
pigs to a chemical which is a potent carcinogen
in other species (methylcholanthrene).
The unequivocal evidences of contact-type
sensitization and the greater intensity of the
skin reaction obtained in these experiments as
compared with those obtained in our previous
experiments is in all probability due to the fact
that in the present experiments we utilized
Chase's (2) modification of the adjuvant pro-
cedure devised by Freund.
* Supplied by Fred Geissen, 6048 Delafield
Avenue, New York 71, N. Y.
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We report these results because we believe
that they shed some new light on the important
problem of the possible relationship between
immunologic and allergic changes and the
mechanisms of carcinogenesis. For the phe-
nomenon of regularly reproducible specific
immunologic sensitization of the skin of a certain
species of animal to a potent chemical carcinogen
now furnishes opportunities for numerous basic
studies on the possible relationships between
cancer formation and immunologic allergic
mechanisms. Obviously, a fundamentally impor-
tant concept would be advanced in regard to
chemically induced carcinogenesis if the so-
called "delayed-type" of allergic skin response
could be shown to be a step in the mechanism
of cutaneous carcinogenesis induced by "simple"
chemical agents. Conversely an equally important
and fundamental thesis would be supported by
the demonstration that the development of the
"delayed" allergic response of the skin to chemi-
cal carcinogens tended to specifically inhibit
or prevent the production of cutaneous carci-
nomas by these agents.
The second of these two possibilities would
seem to carry more weight, in the light of more
recent immunologic reasoning of clones of cells
predisposed to immunologic reaction (3), (4).
As has now been shown for methyicholan-
threne, also other agents capable, though to a
lesser degree, of inducing skin cancer in mice,
such as arsenic or tar, will induce specific contact
hypersensitivity rather than epithelioma of the
skin in guinea-pigs.
The skin of certain human individuals—or
certain skin sites of a given individual—seem to
resemble the skin of the guinea-pig in that they
will respond with contact-type reactions and/or
exfoliative dermatitis as a result of specific
"delayed' '-type sensitization to arsenicals, tar,
etc.; whereas other human skins or skin sites do
not show this effect, but, like the mouse, respond
with a development of epidermal carcinoma to
prolonged exposure to the same agents. There-
fore, it appears to us possible to propose the
hypothesis that the same chemical insult might
lead to one or the other type of response, the
difference in the response being due to individual,
or species-linked biologic peculiarities of the
exposed cells.
These inherent peculiarities could reside in
the capacity of certain cutaneous cells to develop
contact-type allergy to the carcinogen in one
area or one species exposed—and this proclivity
to develop the earlier allergic contact-type
response cou]d in some way be the antagonist
or competitor or inhibitor of the carcinogenic
effect which these same agents produce in other
species or sites.
SUMMARY
Specific "delayed" contact-type skin sensitiza-
tion to methylcholanthrene was demonstrated
in guinea-pigs after intraperitoneal injection of
methylcholanthrene and Freund's adjuvant.
The possible implications of these results are
discussed with respect to the relationship of
"delayed" contact-type sensitization and cuta-
neous careinogenesis.
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